Risk factors for preterm delivery have been described, but whether risk factors differ in the context of prior preterm delivery history is less understood. We assessed whether known risk factors were different in women with versus without prior preterm delivery using medical records of the first and second singleton deliveries in 25,820 Utah women (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010). Longitudinal transition models with modified Poisson regression calculated adjusted relative risks and 95% confidence intervals, with multiplicative interactions between each preterm risk factor and prior preterm delivery status to explore whether risk factors varied between incident and recurrent preterm delivery at <37 weeks. Fewer second pregnancy factors were associated with recurrent preterm delivery, including alcohol, thyroid disease, and depression. Smoking was associated with increased risk for incident (relative risk (RR) = 1.95, 95% confidence interval (CI): 1.53, 2.49) but not recurrent (RR = 1.09, 95% CI: 0.71, 1.19) preterm delivery, whereas alcohol was associated with an increased risk for recurrent (RR = 2.38, 95% CI: 1.53, 3.71) but not incident (RR = 0.98, 95% CI: 0.67, 1.43; P interaction = 0.02 and <0.01) preterm delivery, respectively. Prior term delivery did not necessarily confer protection from known second pregnancy preterm delivery risk factors. In the setting of a prior preterm delivery, many risk factors did not persist. Prior preterm delivery history is important when assessing subsequent preterm delivery risk factors. birth intervals; premature birth; reproductive history Abbreviations: BMI, body mass index; CI, confidence interval; RR, relative risk.
Preterm delivery at <37 weeks of gestation complicated 11.5% of US births in 2012 (1) . Prior research has established maternal risk factors for preterm delivery including nonHispanic black race, lean body mass index (weight (kg)/height (m)
2 ) of <19.8, and smoking (2) (3) (4) (5) . One of the major risk factors for preterm delivery is a history of prior preterm delivery, which is known to increase the risk of subsequent preterm delivery from 1.5-to 2-fold (6, 7) . Yet preterm delivery also occurs in 5%-9% of deliveries for women without a prior preterm delivery, and less attention has been given to this particular group of women (7, 8) . Understanding the relationship of risk factors for preterm delivery in a current pregnancy in the context of prior preterm delivery history is important because there may be behavioral or clinical markers that can help predict risk in a second pregnancy. For example, women with a prior term birth may or may not believe that they are susceptible to a risk factor for preterm birth in their second pregnancy and vice versa for women with a prior preterm delivery. Risk and patterns of recurrence for preterm delivery are known to differ on the basis of prior subtype, spontaneous or indicated, so it is important to understand whether risk factors might vary according to the prior preterm delivery subtype (9) .
Our objectives were to 1) explore whether risk factors for preterm delivery in a second pregnancy differed on the basis of whether the first pregnancy delivered at term (≥37 weeks of gestation) or preterm (<37 weeks), 2) explore how changes in behavioral risk factors between pregnancies were associated with preterm delivery in the context of prior history, and 3) investigate whether risk factors for recurrent preterm delivery differed after taking prior subtype of preterm delivery, spontaneous or indicated, into account.
METHODS

Study population
The NICHD (Eunice Kennedy Shriver National Institute of Child Health and Human Development) Consecutive Pregnancies Study included 51,086 women with at least 2 consecutive deliveries at ≥20 weeks of gestation in Utah (20 hospitals) from 2002 to 2010. Details of the study have been previously published (9) . In brief, detailed information on patient demographics, pregnancy, labor and delivery, and postpartum status was extracted from the antepartum and labor and delivery summary electronic medical records. International Classification of Diseases, Ninth Revision, Clinical Modification, diagnoses from maternal discharge summaries were linked to each delivery. Institutional review board approval was obtained at all participating institutions. The analysis was restricted to nulliparous women with singleton gestations in the first 2 deliveries (n = 27,077). Women with missing information on height (n = 813), prepregnancy body mass index (n = 1,138), marital status (n = 2), smoking (n = 19), drinking (n = 69), and drug use (n = 67) were excluded (note: women could be missing data on more than 1 variable; total missing = 1,257 or 4.6%), leaving 25,820 women for the present analysis.
Outcome
Preterm delivery was defined as delivery at <37 weeks by using the best clinical estimate as recorded in the electronic medical record. Preterm delivery was further characterized by subtype as spontaneous, indicated, and medically unnecessary by using an algorithm previously published by our group (9, 10) . In brief, deliveries without an induction or prelabor cesarean delivery were categorized as spontaneous. Preterm premature rupture of membranes was also categorized as spontaneous because of small numbers. Pregnancies with both spontaneous labor or preterm premature rupture of membranes and a pregnancy complication (e.g., fetal growth restriction) were counted only as spontaneous labor. Indicated inductions and prelabor cesarean deliveries for fetal, maternal, or obstetrical indications were identified. Pregnancies with an induction or cesarean delivery without an indication recorded were also considered to be indicated rather than medically unnecessary when the pregnancy had complications (e.g., preeclampsia) as recorded in the medical record. Preterm deliveries that were considered "elective" by the site with no obstetrical, fetal, or maternal conditions reported were categorized as medically unnecessary, as well as inductions or prelabor cesarean deliveries in pregnancies without any other complications.
Predictors
Potential risk factors for preterm delivery at the second pregnancy were explored as previously reported by our group for a similar study using these data and as identified in the Institute of Medicine of the National Academies' 2007 report from the Committee on Understanding Premature Birth and Assuring Healthy Outcomes (9, 11) . Risk factors for preterm delivery included baseline maternal characteristics of age; race/ethnicity (white, black, Hispanic, Asian/ Pacific Islander, or other/unknown); height; prepregnancy body mass index; marital status; insurance; smoking, alcohol, or drug use during pregnancy as recorded in the prenatal record (yes or no); chronic diseases including diabetes, hypertension, asthma, thyroid disease, depression, or other (human immunodeficiency virus, heart, renal, or gastrointestinal disease); uterine anomaly as identified by International Classification of Diseases, Ninth Revision, Clinical Modification, diagnoses (code 752.2, doubling of uterus (didelphic uterus), or code 752.3, other anomalies of uterus (bicornuate, unicornis, uterus with only 1 functioning horn)); prior pregnancy loss including miscarriage and terminations calculated as gravidity minus parity >1; and interpregnancy interval based on the number of days between the first delivery and the last menstrual period prior to the second pregnancy. Short stature was defined as <160 cm, and weight status was categorized as underweight (body mass index (BMI), <18.5), normal weight (BMI, 18.5-24.9), overweight (BMI, 25.0-29.9), or obese (BMI, ≥30). Chronic medical conditions were as recorded in the medical record and supplemented with discharge summary data using International Classification of Diseases, Ninth Revision, Clinical Modification, diagnoses.
Statistical analyses
Descriptive characteristics at the second pregnancy according to timing of delivery at the first and second pregnancies were summarized and tested for significance by using χ 2 or Fisher's exact tests where indicated ( Table 1 ). The first objective was to examine the risk of incident and recurrent preterm delivery associated with risk factors at the second pregnancy. We used longitudinal transition models with modified Poisson regression to calculate adjusted relative risks and 95% confidence intervals (12, 13) . The modeling strategy was to examine the risk of a preterm birth as a linear (on the log scale for relative risks) function of risk factors and the occurrence of a preterm birth in the first pregnancy, as well as the interaction between the 2. The outcome in all analyses was the occurrence of preterm birth in the second pregnancy. The interaction term is an assessment of whether the risk factor changes for incidence versus recurrence for second pregnancy preterm birth. The specific statistical model for each objective is presented in a footnote for Tables 2 and 3 and Appendix Table 1 . The reference group for each analysis was specific to each risk factor because we wanted to evaluate the risk of incident or recurrent preterm delivery across levels of each risk factor. The models are interpreted such that a significant interaction between the risk factor and prior preterm delivery status indicates that there is evidence that, for the particular risk factor, the relative risk of preterm delivery is different for incident and recurrent preterm deliveries. The interaction test identifies risk factors that are different between incidence and recurrence, but it does not specifically test whether the risk factor is significant for either incidence or recurrence. The model with interactions terms allows for the estimation of the relative risk for both incident and recurrent preterm deliveries. The advantage of transition models over more traditional multinomial models is that we can directly compare risk factors for incident versus preterm delivery, whereas multinomial models that group women according to their preterm delivery status in both pregnancies compare groups relative to women without preterm delivery in either pregnancy. Thus, a multinomial polychotomous logistic regression model would not satisfy our analytical goals.
Our second objective was to explore how changes in behavioral risk factors between pregnancies were associated with preterm delivery in the context of prior history. For the behavioral risk factors of smoking and alcohol that were as recorded in the prenatal record (yes or no), we created 4 new categories for possible combinations in pregnancies 1 and 2: no-no, no-yes, yes-no, yes-yes. We estimated the relative risks of incident and recurrent preterm delivery associated with the change in risk factor categories between the first and second pregnancies with women who were in the no-no group as the reference and adjusted for the previously discussed risk factors. These models were similar to those above except that smoking or alcohol was included as the categorical change variable (refer to the equation in footnote e of Table 3 ).
The third objective was to investigate whether risk factors for recurrent preterm delivery differed by prior subtype of previous preterm delivery, spontaneous or indicated. We limited this analysis to women with preterm delivery in the first pregnancy, excluding prior preterm deliveries that were medically unnecessary (n = 249), leaving 1,752 women. For these models, the outcome was recurrent preterm delivery in the second pregnancy, while the predictors were preterm delivery subtype (spontaneous or indicated), second pregnancy risk factors, and a multiplicative interaction term between each of the risk factors and prior preterm delivery subtype. Because of the small numbers, race was categorized as nonHispanic white versus nonwhite for this analysis. Analyses were performed by using SAS, version 9.3, statistical software (SAS Institute, Inc., Cary, North Carolina), and 2-sided P values of <0.05 were considered significant.
RESULTS
Preterm delivery at <37 weeks occurred in 2,001 (7.8%) of first deliveries to the 25,820 women who were nulliparous at study entry. At the second pregnancy, 1,794 (6.9%) were complicated by preterm delivery, of which 1,287 (5.4%) occurred among the 23,819 women with a prior term delivery (i.e., incident preterm delivery), and 507 (25.3%) occurred among the 2,001 women with a prior preterm delivery (i.e., recurrent preterm delivery).
Descriptive characteristics at the second pregnancy according to timing of delivery ( preterm or term) at the first and second pregnancies are presented in Table 1 . Women with an incident preterm delivery in the second pregnancy were different from women with 2 term deliveries ( Table 1 ). In contrast, women with recurrent preterm delivery had similar maternal demographic characteristics compared with women with a prior preterm delivery who delivered their second pregnancy at term (Table 1 ), but they were more likely to have risky behaviors and chronic medical problems.
We first explored whether risk factors for preterm delivery in a second pregnancy differed on the basis of whether the first pregnancy delivered at term (≥37 weeks of gestation) or preterm (<37 weeks) and found different risk patterns based on prior history (Table 2) . Young maternal age, Asian/Pacific Islander race, short stature, nonmarried status, prepregnancy underweight, smoking, diabetes, hypertension, asthma, depression, other chronic diseases, uterine anomaly, and short pregnancy interval of <12 months were all associated with an increased risk for incident preterm delivery. Fewer factors were associated with recurrent preterm delivery, including alcohol, thyroid disease, and depression. However, the only statistically significant differences for risk factors between second pregnancy incident and recurrent preterm delivery were observed for women who smoked (P = 0.02) or drank alcohol (P < 0.01). Smoking was associated with an increased risk for incident preterm delivery (relative risk (RR) = 1.95, 95% confidence interval (CI): 1.53, 2.49) but not recurrent preterm delivery (RR = 1.09, 95% CI: 0.71, 1.19). However, it is important to note that the underlying baseline risk was higher for recurrent compared with incident preterm delivery, as incident preterm delivery occurred in 14.2% (91/641) of smokers compared with 5.2% (1, 196 There was a suggestion that the risk for preterm delivery in the second pregnancy differed according to the woman's first pregnancy preterm delivery history for nonmarried status, chronic hypertension, thyroid disease, and interpregnancy interval of <12 months. All were associated with an increased risk of preterm delivery in women with a prior term delivery, except for thyroid disease which was associated with an increased risk of recurrent but not incident preterm delivery (Table 2) .
We also explored how changes in the behavioral risk factors of smoking and alcohol use between pregnancies were associated with preterm delivery in the context of prior delivery timing history. When we investigated the changes in smoking status, both initiation and continuation of smoking in the second pregnancy were associated with increased risk of second pregnancy preterm delivery (2.20-fold and 1.70-fold, respectively) in women with a prior term delivery, while women who stopped smoking had no increased risk of incident preterm delivery in the second pregnancy compared with women who did not smoke in either pregnancy (Table 3) . Changes in smoking status were not associated with differences in risk of recurrent preterm delivery. When we investigated changes in drinking status, we found no association with differences in risk of incident preterm delivery in the second pregnancy (Table 3) . However, women who started drinking had a 2.54-fold (95% CI: 1.58, 4.10) increased risk of recurrent preterm delivery (Table 3) .
Finally, because risk factors might vary on the basis of the prior preterm delivery subtype, spontaneous or indicated, we investigated whether risk factors for recurrent preterm delivery differed after taking prior subtype into account. Recurrent preterm delivery was more common among women whose first pregnancy was complicated by a spontaneous (426/1,668; 26.8%) opposed to medically indicated (30/164; 18.3%) preterm delivery (P = 0.04). Alcohol use among women with a prior spontaneous preterm delivery and depression among women with a prior indicated preterm delivery were associated with recurrence (Appendix Table 1 ).
Thyroid disease was associated with recurrent preterm delivery for both prior subtypes. However, risk factors for preterm delivery in the second pregnancy were not significantly modified by prior preterm delivery subtype, spontaneous versus indicated, although the numbers were small (P values in Appendix Table 1 ). Recognizing that there were small numbers that limited our power to detect differences, alcohol use may have had a stronger association with recurrent preterm delivery of either type in women with prior spontaneous preterm delivery, depression may have been more associated with recurrent preterm delivery in women with prior indicated preterm delivery, and the association with thyroid disease appeared stronger in the women with prior indicated preterm delivery.
DISCUSSION
Among the first 2 deliveries for women in our study, we found that there were fewer risk factors for preterm delivery at <37 weeks of gestation in the second pregnancy for women with a prior history of preterm compared with term delivery. Importantly, there was the suggestion that risk factors for preterm delivery persisted even among women with a prior term delivery, indicating that these women remained at risk and were not protected from preterm delivery on the basis of their prior term delivery status. However, only alcohol use and possibly maternal thyroid disease and depression were associated with increased risk for recurrent preterm delivery. Thus, in the setting of a prior preterm delivery, many risk factors did not persist.
Our findings are not directly comparable to those in most prior literature as studies have included characteristics that occurred later in pregnancy in addition to baseline characteristics, studied only a few factors, and/or have not directly compared risk factors for incident versus recurrent preterm delivery (3-5, 14, 15) . Nonetheless, our findings that smoking and short pregnancy interval were associated with incident preterm delivery are generally consistent with what has been reported in the literature (14) (15) (16) . Fewer risk factors persisted for recurrent preterm delivery after accounting for the excess risk associated with prior preterm delivery history. Although the relative risks of many factors for recurrent preterm delivery were not increased, the baseline risk of preterm delivery was already so elevated that history of preterm delivery may have trumped many of the established preterm delivery risk factors from further increasing risk (7, 9, 17) . This finding may in part be due to the smaller sample size for estimating the relative risk for recurrent versus incident preterm birth. However, in most cases the estimated relative risks were larger in magnitude for incident as compared with recurrent preterm birth, further supporting this point. Alcohol use is associated with increased prostaglandin production as measured in the urine of pregnant women and has been suggested as a biological pathway for increased spontaneous labor (18, 19) . This possibility is supported by our finding that alcohol use was associated with recurrent preterm delivery possibly more in women with a prior spontaneous delivery. The finding that maternal thyroid disease and depression may have been more associated with recurrent, but not incident, preterm delivery is novel. Both have been described as risk factors for preterm delivery in general, particularly if untreated, although debate exists as to whether antidepressants themselves are associated with increased risk of preterm delivery (20) (21) (22) . a The equation for this model is as follows: log Prob(PTD 2 = 1) = β 0 + β 1 (PTD 1 ) + β 2 (risk factor X 2 ) + β 3 (PTD 1 ) × (risk factor X 2 ), where PTD 1 and PTD 2 are indicators of a preterm birth in the first and second pregnancy, respectively. Risk factor X 2 is a risk factor in the second pregnancy. The model shows a single risk factor, but additional risk factors were added by including additional terms for each risk factor and its interaction with the first pregnancies' preterm delivery status, PTD 1 .
b Preterm, delivery at <37 weeks of gestation. c P value represents the interaction between incident and recurrent preterm delivery for the respective characteristic.
d Expressed as weight (kg)/height (m) 2 . e Other chronic disease includes heart, renal, and gastrointestinal disease or human immunodeficiency virus.
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Our study lacked information on severity or treatment, so these findings warrant future investigation.
Our study is limited by the assessment of smoking and alcohol use as reported in the medical record. However, a previous methodological investigation found that misclassification of alcohol use has minimal bias for associations with an outcome in circumstances where there is underreporting and a large percentage of women are truly nondrinkers, which is more likely to be the case during pregnancy (23) . We also lacked enough African-American women to explore whether this race was an independent risk factor in the context of history, as prior literature has reported African-American women to have higher recurrence rates (3). Our results are also exploratory in that we did not postulate biological mechanisms up front. The major strength of our study was the rich clinical data from women with multiple pregnancies allowing a comprehensive investigation of multiple risk factors. Such studies are quite rare as most prior investigations have relied on administrative data with inherent limitations. Although these observed differences in clinical risk patterns are important at a population level, it remains to be seen whether a strategy of obtaining multiple sources of more specific information such as placental pathology, genetics, and other biomarkers can better stratify women at risk for recurrent preterm delivery prior to planning their next pregnancy.
In total, our findings suggest that the association of preterm delivery risk factors for women who already have a history of preterm delivery varies from women without a history of preterm delivery. Women with thyroid disease and/or depression may need to be monitored more closely when they had a prior preterm birth than when they did not, although these study results would need to be confirmed in future studies for this to be widely recommended. Furthermore, there was also a suggestion that risk factors for recurrent preterm delivery such as alcohol use were modified by prior preterm delivery subtype, which may be due to the different etiologies for preterm delivery subtypes that drive these associations. Perhaps equally important was the finding that prior term delivery did not necessarily confer protection from known preterm delivery risk factors in the second pregnancy. It is important to take prior pregnancy delivery timing into account when assessing risk factors for subsequent preterm delivery risk. 
